Several Mallotus species (Euphorbiaceae) are used in Vietnam as edible plants or as traditional medicines for different indications, some related to the treatment of inflammatory diseases. This study investigated the antioxidant activities of 33 samples from 17 Vietnamese Mallotus species. We also evaluated potential cytotoxic activity against human cervix carcinoma HeLa and human lung fibroblast WI-38 cells. Our aim is to develop safe dietary supplements with a protective effect against various diseases caused by tissue damage and the acceleration of the aging process linked to reactive oxygen species. These tests allowed the identification of non-cytotoxic plant species exhibiting significant antiradical properties. These antioxidant properties may be explained by their polyphenol composition. The antioxidant activity of the most active Mallotus species was further analyzed with and without tannins removal. We also identified by LC-ESI-MS some flavonoids responsible for a part of this activity.
The genus Mallotus belongs to the Euphorbiaceae family, within the Acalyphoideae sub-family, Acalypheae pro parte and Rottlerinae subtribe [1a] . Mallotus, commonly known as ba bet in Vietnam, is represented by approximately 40 species, among which, 6 species and 1 variety are endemic [1b] . Some Vietnamese Mallotus species are known to contain different natural compounds, mainly diterpenoids, triterpenoids, steroids, flavonoids, coumarinolignoids, phloroglucinol derivatives and benzopyrans [2a] . More recently, a new flavonolignan and flavones from M. metcalfianus [2b] , two new megastigmane sulphonoglucosides from M. anisopodus [2c] and a new lignan dimer from M. philippensis [2d] were identified. For some species, promising biological activities have been determined, particularly for M. apelta [2e] , and for M. philippinensis [2f,2g,3] . In addition, M. pallidus has antiviral activity attributable to its phloroglucinol derivatives [4] . Some species (M. apelta, M. barbatus, M. floribundus, M. glabriusculus, M. macrostachyus, M. oblongifolius, M. paniculatus, M. philippinensis, M. poilanei) are used as medicinal plants in Vietnam and in other countries in Southeast Asia for the treatment of various ailments ranging from minor infections such as gastrointestinal disorders to dysentery, hepatic diseases, cutaneous diseases, fever and malaria, cancer and infectious or inflammatory diseases [2a] . Different parts of the plants are used medicinally ( Table 1) . Many of these Vietnamese species are edible and the leaves are boiled and consumed instead of tea (Camellia sinensis (L.) Kuntze). Several authors have underlined the possible application of some Mallotus species as natural antioxidants [2b, 3,5a] . Different polyphenol-rich fractions of M. philippinensis possess strong antioxidant and antiradical properties [3] . The leaves of M. japonicus, containing hydrolysable tannins, provide protective activity in the human body against oxidative stress and various related diseases [5a] . The potential of antioxidants, and particularly polyphenols, for preventing oxidation in human tissue and reducing the risk of different illnesses, such as cardiovascular diseases or cancers [5b], on the one hand, and the sparse Table 2) . For some species, several samples were collected from different provinces, in order to compare the differences in chemical compositions and activities (Tables 1 and 2 ).
In a previous study, combining chemical fingerprint technology with data-analysis allowed us to obtain information on peaks potentially responsible for the antioxidant activity of these Mallotus species. Relevant information was extracted using linear multivariate calibration techniques, both before and after alignment of the fingerprints with correlation optimized warping According to the literature, the antioxidant activities of M. nanus and M. philippinensis could be explained by the presence of flavonoids and tannins [7a,7b] . Additionally, several extracts had an antiradical activity similar to tocopherol. They thus represent valid alternative sources of antioxidant agents, as we also showed that they did not show cytotoxicity on cultured cells. Consequently, we studied the antiradical activities of the crude methanolic extracts of the ten most active species (set stored 6 months at 3-5°C) and of their ethyl acetate and aqueous partitions before and after tannins removal ( (Table 3 ). In a previous study on M. metcalfianus NT03 [2b], we showed that the ethyl acetate partition had the most potent antioxidant activity of the different extracts tested. We developed an HPLC method to separate compounds from this fraction, without removing tannins. Quercitrin, astilbin and kaempferol 3-O-α-L-rhamnoside were the major compounds from this partition identified by LC-ESI-MS.
Of thirteen compounds isolated from M. metcalfianus and tested for their antiradical activities, quercitrin and kaempferol 3-O-α-L-rhamnoside showed the strongest antiradical activity with quercetin 3-O-β-neohesperoside [2b] . We further applied this chromatographic method for the antioxidant rich ethyl acetate Mallotus partitions. We analyzed M. nanus MN37L and M. nanus MN37R whose activity was not mainly due to tannins and identified kaempferol 3-O-α-L-rhamnoside in both species as major constituent and quercitrin in M. nanus MN37L. This last extract was found to be particularly rich in oblongifolius. For some species, this study also shows important differences in the activities of different samples of the same species, depending on location. This effect might be explained by the ecological and environmental parameters (soil, climate…) that can vary from one Vietnamese province to another and may affect the production of secondary metabolites. As we saw for M. nanus MN39C and M. paniculatus MP35R, the active secondary metabolites can also degrade with time and storage conditions. The results of these screening Antioxidant properties of Mallotus species Natural Product Communications Vol. 6 (6) 2011 817 investigations confirm the potential of Mallotus species as rich sources of potent antioxidant compounds.
Experimental
Chemicals: All solvents, MeOH, EtOAc, DMSO as well as tetracycline, tocopherol, 1,1-diphenyl-2-picrylhydrazyl, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) and camptothecin were purchased from Sigma, Belgium. Dulbecco's modified Eagle's medium (DMEM) and fetal bovine serum (FBS) were purchased from Gibco® BRL, Invitrogen, Merelbeke, Belgium.
Samples: Plant material (leaves, roots and branches) were collected from various provinces of Vietnam. These were identified by Dr. Nguyen Nghia Thin (Department Biology, National University Hanoi, Hanoi, Vietnam), Dr. Tran Huy Thai and Dr. La Dinh Moi (Institute of Natural Products Chemistry (VAST), Hanoi). Voucher specimens (Table 1) were deposited at VAST, Hanoi, Vietnam.
Preparation of plant extracts:
In Vietnam, leaves, roots and/or branches of 33 Mallotus samples were air-dried at room temperature and powderized. 2.5 g of powdered material from each sample was extracted three times with MeOH (25 mL) in an ultrasonic instrument (Ultrasonic 2010, 950W, 40°C, 60 min, Branson Ultrasonic Corporation, Connecticut, USA) , then filtered by filterpaper. The filtrates were combined and concentrated to dryness under reduced pressure with a rotatory evaporator at a temperature of 50°C. These crude extracts were stored in Vietnam at 3-5°C and aliquots were sent to Belgium for cytotoxic and antiradical tests. Percentage yields (% w/w) of each methanolic extract are given in Table 1 . For the second series of analysis (determination of antiradical activities of the ten most active extracts, fractionation and LC-MS analysis), a separate aliquot of the same crude methanolic extracts, stored at 3-5°C for 6 months, were sent to Belgium. These extracts were suspended in water (60 mL) and extracted using ethyl acetate (3 x 60 mL). The yields of the ethyl acetate partitions are given in Table 3 .
Analysis of samples by LC-ESI-MS:
Mass spectra in positive or negative-ion modes were acquired with a Thermo Scientific LTQ Orbitrap XL mass spectrometer, equipped with an electrospray (ESI) source. Chromatographic separations were achieved on a 250 x 4 mm I.D. C-18 Merck Lichrospher® 100 analytical column 5 µm particle size. The mobile phase consisted of a mixture H 2 O/MeOH using a gradient (90:10 to 0:100) in 30 min.
Elimination of tannins: 21 mg of both ethyl acetate and aqueous partitions were dissolved in water and applied onto a 5 g polyamide column in order to eliminate the tannins. Elution was performed with water (10 mL), water/MeOH (10 mL), and MeOH (40 mL) until the eluate was clear. The eluates were combined and then evaporated under reduced pressure.
Antioxidant activity:
The DPPH assay was performed as described by Aquino et al. [8b] . An aliquot (50 µL) of the MeOH solution containing an extract or tocopherol (positive control) was added to 2.5 mL of freshly prepared DPPH° solution (25 µg/mL in methanol). An equal volume (50 µL) of the vehicle alone (MeOH) was added to control tubes (DPPH°0). Absorbance at 515 nm was measured on a Uvikon 933 spectrophotometer (Kontron Instruments, Muenchen, Germany) 20 min after starting the reaction. Crude extracts and tocopherol were tested at a concentration of 20 µg/mL. For the second part of the study, samples were tested at several doses, ranging from 40 µg/mL to 0.4 µg/mL, in order to determine the IC 50 . The DPPH° concentration in the reaction medium was calculated from a calibration curve obtained after linear regression of the absorbance at 515 nm, at concentrations ranging from 1 to 50 µg/mL of DPPH°. The percentage of remaining DPPH° (DPPH°REM) was calculated as follows:
All experiments were carried out at least in triplicate. For the ten most antiradical methanolic extracts, two series of three replicates were tested at 6 month intervals. Ethyl acetate and aqueous partitions of these crude methanolic extracts were tested after the second series of tests of methanolic extracts, before and after the elimination of tannins.
Cytotoxic assay:
The cytotoxicity of the extracts on HeLa (Human cervix carcinoma) and WI-38 (Human lung fibroblast) cells was evaluated as described by Block et al.
[8c], using the tetrazolium salt MTT colorimetric method. HeLa and WI-38 cells were grown in DMEM containing L-glutamine, D-Glucose, sodium pyruvate and supplemented with 10% FBS and antibiotics (100 IU penicillin/mL, 100 μg streptomycin/mL). Cells were incubated in a humidified atmosphere containing 5% CO 2 . Stock solutions of extracts were prepared at 5 mg/mL in DMSO and stored at -4°C. Briefly, 5000 HeLa or WI-38 cells per well were seeded in 100 µL of DMEM with FBS 10% in 96-well microculture plates for 24 h. After 24 h, the medium was removed and 200 µL of fresh medium containing 50 µg/mL extract were added to each well, while negative control cells received fresh medium containing analogous DMSO concentration. Each extract was tested in 6 wells. After 72 h incubation, the medium was replaced by 100 µL DMEM (without serum) containing 10 µL of MTT solution (3 mg/mL in PBS). After 45 min, the medium was removed and 100 µL of DMSO were added to each well. The plates were shaked and absorbances were recorded at two wavelenghts (570 nm and 620 nm), against a background control as blank (100 µL of pure DMSO) on a microplate reader (Spectra Max 190, Sopachem) . In each case, camptothecin was used as positive control (from 0.00025 to 25 µg/mL). The viability percentage was expressed relative to the control cells which were considered as: 100% viability % = [AT/ANT] x 100 with: A: absorbance, NT: control cells, T: treated cells All experiments were made in triplicate.
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Statistical analysis:
Statistical calculations were carried out with GraphPad Prism 4. Results are expressed as the mean ± SD (Standard Deviation) of (n) independent experiments with individual values. Unpaired student's ttest was used for statistical comparison; P values < 0.05 were considered as significantly different from the control.
